ABSTRACT
Introduction
Adrenalectomy remains a rarely encountered operation in most surgical centres. An analysis of 3144 cases operated in the USA over a decade showed that, in 2005, adrenalectomies represented only 14 of 100,000 discharges, with highvolume surgeons being defined as those doing over 4 cases/ year and high-volume centres operating over 14 cases/ year. 1 Similarly, analysis of 7829 patients recorded in the nationwide inpatient sample between 2003 and 2009 concluded that high-volume surgeons were those who operated over five cases/year. 2 The vast majority of patients captured in these statistics underwent unilateral adrenalectomy, bilateral operations representing only a small minority. Data describing the provision of adrenalectomy within the National Health Service in the UK are currently being prepared for publication and the only information available to date reflects the activity of surgeons who are members of the British Association of Endocrine and Thyroid Surgeons (BAETS) whose workload has been reported in the 2012 audit. 3 Synchronous bilateral adrenalectomy (SBA) is one of the rarest operation performed worldwide because of its indications are restricted to the small number of patients with bilateral phaeochromocytomas and those with adrenocorticotropic hormone (ACTH)-dependent hypercortisolism, most commonly after failed pituitary surgery. The BAETS 2012 audit showed that only 86 of 1359 patients (6%) who underwent adrenalectomy had a bilateral operation. 4 Laparoscopic unilateral adrenalectomy was initially reported in 1992 5 and within the last two decades has become the standard of care for benign adrenal tumours. It has been widely adopted because of its decreased morbidity and perioperative complications compared with the open approach. In recent years there has been increasing enthusiasm about learning the retroperitoneoscopic approach for adrenalectomy. This was first described in mid 1990s by Martin Walz from Essen, Germany, 6 but many surgeons have been reluctant to adopt it because of their own lack of familiarity with a retroperitoneal approach. 7 The different techniques have been applied for bilateral adrenalectomy but the optimal surgical approach has yet to be defined.
Before 2000, the two-staged laparoscopic adrenalectomy was used for patients with bilateral adrenal disease because of concerns about perioperative comorbidities and/or postoperative adrenal insufficiency. With an increasing number of patients with bilateral disease and the development of endocrine management of these patients, SBA has been performed on increasing number of selected patients with ACTH-dependent Cushing's syndrome (i.e. Cushing's disease or ectopic ACTH syndrome) or bilateral phaeochromocytomas.
The aim of the present study was to report a single-centre experience with simultaneous bilateral adrenalectomy and to evaluate its safety, surgical outcomes and potential indications of the procedure.
Materials and Methods
Patients who underwent adrenal surgery in a tertiary referral centre between 2005 and 2015 were identified from hospital records and a departmental database. Demographic details, clinical and operative data were analysed only for patients who underwent SBA. Postoperative complications were graded according to the Clavien-Dindo classification. 8 Data were collected retrospectively and analyzed using a specifically designed spreadsheet (Microsoft Excel, Microsoft Corporation, Redmond, WA). Statistical analysis was performed on parametric data using the student's t-test. A P value of < 0.05 was considered significant.
Results
Between November 2005 and January 2016, among 238 consecutive patients who had surgery for adrenal disease, 23 (10.1%) underwent SBA ( Fig 1) ; 6 male and 17 female. Mean age was 43 ± 4 years (range 12-74 years). The indication for surgery is summarized in Table 1 .
Three patients had open bilateral adrenalectomy after being diagnosed with adrenocortical cancer with bilateral adrenal tumours (n = 2) and in a 12-year-old boy with Von Hippel-Lindau (VHL) syndrome with simultaneous bilateral phaeochromocytomas and pancreatic neuroendocrine tumours. Transperitoneal laparoscopic bilateral adrenalectomy (TL-BA) was performed in 17 patients; 3 patients had a posterior retroperitoneoscopic bilateral adrenalectomy (PR-BA).
Mean operating time was shortest for the retroperitoneal operations (151 ± 12 minutes) and longest for the open operations (243 ± 44 minutes) but statistical analysis was deemed inappropriate, as the selection of patients for each approach was biased; the mean operating time for TL-BA was 192 ± 15 minutes. Operating time for patients with Cushing's syndrome was significantly shorter than for those with phaeochromocytoma (162 ± 8 minutes vs. 257 ± 39 minutes, P < 0.01). In the TL-BA group, conversion to an open procedure was required in one case (4.5%) because of bleeding from inferior vena cava during dissection of the right adrenal (left laparoscopic adrenalectomy was performed initially in the same patient and the laparoscopic operation was converted to open on the right side).
The average length of hospital stay was 8.8 days and the median length was 5.0 days (interquartile range, IQR, 4-6.5 days). Postoperative complications, categorised according to Clavien-Dindo, included chest infection, postoperative haemorrhage and chest drains for pneumothorax, postoperative cardiac arrests and one late cancer death on postoperative day 37 from complications related to uncontrolled hypercortisolism due to multiple liver metastases ( Table 2 ). The morbidity rate was 26.1% and the mortality was 4.3%. 
Discussion
We report a good outcome in a group of 23 patients who had synchronous bilateral total adrenalectomy and reinforce the reassurance provided by previous papers describing favourable outcomes and improved quality of life after bilateral adrenalectomy. [9] [10] [11] In the past, some investigators questioned whether partial adrenalectomy should be performed for patients with bilateral disease. This was because of concerns related to the management of patients rendered 'adrenal free' and the fear of severe hypoadrenalism encouraged some to propose partial bilateral adrenalectomy. Currently, subtotal adrenalectomy is considered a reasonable option only for bilateral phaeochromocytomas in familial syndromes, 12 but it is contraindicated for patients with ACTHdependent hypercortisolism because of the high risk of disease recurrence. For these reasons, all patients in this series underwent total adrenalectomy. Over the past two decades, the surgical technique for SBA has shifted from open to laparoscopic to retroperitoneoscopic adrenalectomy. Historically, open bilateral adrenalectomy was largely associated with a high rate of surgical complications, including intraoperative and postoperative bleeding (22%), incisional hernia (10%) and wound healing impairment (13.5%) in addition to general complications. 13 Laparoscopic adrenalectomy was initiated by Michel Gagner in 1992 14 and it was soon established as the standard procedure for the surgical treatment of patients with unilateral adrenal diseases. The experience with laparoscopic SBA was slower to be reported and was found to have higher rate of complications compared with unilateral laparoscopic adrenalectomy, 15, 16 but the overall benefits became easily apparent. Several large series of laparoscopic SBA included 30 patients 17 and 68 patients 18 reported positive outcomes and found that the procedure was safe and effective. In this context, laparoscopic SBA was initiated in our centre in early 2000 and the outcomes reported in this paper compare well with data published to date.
As an alternative to the laparoscopic transperitoneal approach, in 1996 Martin Walz proposed the retroperitoneal approach for adrenalectomy as a potentially better option for patients with smaller tumours, lower body mass index and previous abdominal surgery. 19 Although he remains the surgeon with by far the largest experience in adrenalectomy, even in his practice, bilateral cases remain a small minority, with only 19 of 560 patients presenting with bilateral disease. 20 Despite the disadvantage of having a limited working area, which makes this procedure technically more demanding, the retroperitoneal approach is now widely accepted as a fast and safe operation, with the additional benefit for bilateral operations of avoiding the need for repositioning during the procedure. Mentoring from Martin Walz has encouraged many surgeons to adopt this technique and, in the past few years, three centres in the UK have started to offer retroperitoneoscopic adrenalectomy. Few recent studies have compared the laparoscopic and retroperitoneoscopic approaches for unilateral adrenalectomy through comparative studies and meta-analysis has failed to demonstrate any significant advantage of one technique over the other. [21] [22] [23] Two case series compared SBA and found no significant advantages or disadvantages for either technique: Miccoli et al. 21 compared the lateral transperitoneal and the retroperitoneal technique, while Raffaelli et al. 22 compared transabdominal laparoscopic, simultaneous posterior retroperitoneoscopic and robot-assisted approach. It is likely therefore that the choice between laparoscopic lateral transabdominal versus posterior retroperitoneal approach will be based on individual surgeon's preference, 23 and the small number of cases will make it impossible to compare the two techniques through a randomized trial.
In our experience, the lateral transperitoneal approach was used in the majority of patients (77%), an open approach was chosen for patients with large adrenocortical cancers and the posterior retroperitoneoscopic approach was used only for the most recent three patients in this series during 2015. This pattern reflects the changes in surgical technique described above.
Irrespective of the surgical approach, SBA remains an operation with potential morbidity related to the metabolic effect of hypercortisolism, the main presenting problem for most patients who need SBA. Historically, SBA performed by The latest published BAETS report showed that the overall average postoperative stay for 600 patients who underwent adrenal surgery was 5.5 days. In view of the small number of bilateral operations recorded in the audit, there was no figures provided for such cases. 3 In this context, the postoperative stay of the group of patients reported in our series was favourable (the average was 8.8 days and the median was 5.0 days). The main reason for delay was to ensure that patients returned to normal oral intake and were able to tolerate oral steroid replacement before being discharged home. In our cohort of patients, the rate of complications was comparatively lower ( Table 1 ). The overall morbidity rate compares favourably with some other reports.
There are some limitations to the present study. First, this is non-randomized study of consecutive, unselected patients. A randomized trial in this field is deemed unreasonable as the surgical approach is determined based on clinical characteristics of each patient and the heterogeneity of the group makes it impossible to randomise. Second, the present study comprised a relatively small number of patients. Until a complete restructuring of the service provision for adrenalectomy in the NHS is established, there is no mechanism to increase significantly the workload of established surgical centres.
Conclusions
In conclusion, a minimally invasive approach to bilateral adrenalectomy is safe and effective for the treatment of a subset of patients at high risk of perioperative complications. The present study confirms that SBA using the different surgical approaches is feasible and safe and that the retroperitoneoscopic approach will be increasingly considered the most convenient approach for patients needing bilateral adrenalectomy for Cushing's disease.
